We have reported previously (24, 25, 27) the grouping of gram-negative, methanol-utilizing bacteria into 11 groups on the basis of morphological characteristics, utilization of carbon compounds, cellular fatty acid composition, hydroxy fatty acid composition, ubiquinone systems, occurrence of squalene and steroids, and electrophoretic patterns of enzymes.
The group 7 bacteria of that previous study (24, 25) are acidophilic, facultatively methylotrop,hic, nonsporeforming, gram-negative, nonmotile, rod-shaped organisms. Steudel In this study we determined that the group 7 bacteria are identical to Acetobacter methanolicus, but we believe that the methylotrophic ability of these organisms demands a new genus, for which we propose the name Acidomonas.
MATERIALS AND METHODS
Bacterial strains. The strains which we studied are shown in Table 1 . Below, names which do not appear on the Approved Lists of Bacterial Names (17) are enclosed in quotation marks. Cultures were maintained on peptoneyeast extract-malt extract agar containing 0.5% peptone, 0.3% yeast extract, 0.3% malt extract, 1.0% glucose, and 2.0% agar; this medium was adjusted to pH 4.5 with 1 N HCl (PYM medium). Acetobacter pasteurianus TK 0724, TK 0728, and TK 0729 were received from J. De Ley as methanol-utilizing bacteria. Thiobacillus novellus TK 0901T (T = type strain) and Thiobacillus versutus TK 3101T were used as reference strains. T. novellus TK 0901T was a member of the group 9 methanol-utilizing bacteria that we described previously, and T. versutus TK 3101T was a member of the group 2 methylamine-utilizing bacteria which we described previously (24, 25). These two strains were maintained on peptone-yeast extract-glucose agar containing 0.5% peptone, 0.5% yeast extract, 0.5% glucose, and 2.0% agar; this medium was adjusted to pH 6.8 with 1 M NaOH.
Identification methods. PYM medium (pH 4.5) and medium C (24) containing methanol were used for preculture and basal media. Unless otherwise stated, all cultures were * Corresponding author. incubated at 30°C. Cell form, Gram reaction, and motility were investigated by using cells grown on F'YM medium (pH 4.5) and medium C. Biochemical and phyriological characteristics were investigated as reported previously (23). However, the pH of media was adjusted to 4.5. Ketogenic activity on polyalcohols (production of dihydroxyacetone from glycerol) was tested by using the method of Asai et al.
(1). Acetic acid produced from ethanol was detected by gas chromatography. Nutritional requirements were determined by using a basal medium without yeast extract and the vitamin solution in medium C. Urease activity was observed on Christensen medium (2) for 1 week. Utilization of carbon compounds was determined in liquid basal medium C or medium B (22) (for T . novellus and T. versutus) after 3 weeks of cultivation, and methanol was replaced with other carbon compounds. Acetic acid, citric acid, lactic acid, monomethylamine, dimethylamine, and trimethylamine were added at concentrations of 0.15%. A total of 17 carbon compounds were added at concentrations of 0.5%. Cellular fatty acid composition. Cellular fatty acid composition and hydroxy acid composition were determined as described previously (25).
Quinone system and quinone homologs. Quinone systems were determined as described previously (24).
DNA base composition. Deoxyribonucleic acid (DNA) was extracted by using the method of Saito and Miura (16) , and guanine-plus-cytosine (G + C) content was determined by reverse-phase high-performance liquid chromatography as described by Tamaoka and Komagata (19) .
DNA-DNA hybridization. DNA-DNA hybridization was carried out at 61°C by using the method of Kaneko et al. (13) . DNA was labeled with [l', 2', 5-3H]de~xycytidine triphosphate by the nick translation method (15), using Amersham Kit TRK 700 (Amersham International plc, Amersham, United Kingdom). DNA-DNA hybridization was carried out with five strains of the group 7 methanol-utilizing bacteria, seven strains of the genus Acetobacter, one strain of the genus Gluconobacter, four strains of the genus Acidiphilium, and two strains of the genus Thiobacillus. phenotypically similar, gram-negative , nonsporeforming, soluble fluorescent pigment was not produced on King A and nonmotile, rod-shaped organisms that were 0.8 to 1.0 Fm in King B media adjusted pH to 4.5. Nitrate was not reduced to diameter and 1.5 to 3.0 pm long. Colonies were white to light nitrite. The Voges-Proskauer test was negative. Indole and yellow on PYM medium (pH 4.5) and medium C. A waterhydrogen sulfide (TSI medium adjusted pH 4.5) were not 
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----+ + -w ---+ -+ -w -w + w ------ (Table 2) . Calcium pantothenate was required. Ammonia, nitrate, and urea were utilized by all of the strains as nitrogen sources. Urease, oxidase, and catalase were produced. Growth was observed between pH 2.0 and 5.5; the organisms did not grow at pH 1.5 and 6.0. The optimum cultural pH was 3.0 to 5.0, and the maximum specific growth rate was approximately 0.25 h-l. All of the strains grew at 30 and 37"C, but did not grow at 42°C. Growth did not occur in the presence of 3% sodium chloride. The group 7 bacteria were distinguished from the confusing Acidiphilium, Thiobacillus, and Acetobacter strains on the basis of utilization of carbon compounds ( Table 2 ). All of the reference strains belonging to the genera Acidiphilium, Acetobacter, and Gluconobacter did not utilize methanol.
Cellular fatty acid composition. The reference strains belonging to the genera Acidiphilium, Acetobacter, and Gluconobacter contained large amounts of straight-chain unsaturated ClSZ1 acid, as did the group 7 methanol-utilizing bacteria (25) and Thiobacillus strains (14, 25) (Table 3 ). The cellular fatty acid compositions of Acetobacter and Gluconobacter strains were determined by Yamada et al. (34) . We confirmed these earlier results.
Hydroxy fatty acid composition. The group 7 methanolutilizing bacteria had large amounts of 3-OH C14:, acid, 3-OH c16:o acid, 2-OH C14:o acid, and 2-OH C16:, acid (25) . All of the Acidiphilium strains except Acidiphilium facilis TK 0715T showed the presence of 3-hydroxy fatty acid, but not 2-hydroxy fatty acid, as shown in Table 3 . All of the strains of the genera Acetobacter and Gluconobacter showed the presence of large amounts of 3-OH C16:O and 2-OH C16:, hydroxy acids and small amounts of 3-OH C14:" and 3-OH C,,:, hydroxy acids, as well as 2-OH C14:, and 2-OH cyclopropane C19:, (2-OH AC,,:,) acids.
Quinone system. The group 7 methanol-utilizing bacteria had the Q-10 ubiquinone system along with ubiquinone Q-9 and minor ubiquinone Q-11 components (24). The reference strains belonging to the genera Acidiphilium, Thiobacillus (14, 24) , and Gluconobacter had the Q-10 ubiquinone system, along with minor ubiquinone Q-9 and Q-11 components. Acetobacter strains were divided into two types (Q-9 and Q-10 types), as shown in Table 3 . The same results for quinone systems in Acetobacter species (except Acetobacter hansenii) and Gluconobacter species were reported by Yamada et al. (30) . DNA base composition. The DNA base compositions of five strains of the group 7 methanol-utilizing bacteria ranged from 63.7 to 64.6 mol% G+C. The DNA compositions of the reference strains are shown in Table 4 . The DNA base compositions of Acetobacter methanolicus, Acidiphilium crypturn, Acidiphilium angustum, and Acetobacter aceti ' Data from reference 4.
Data from reference 14.
Data from reference 8.
Parentheses indicate minor components. determined in this study were different from the results reported by other workers (6, 20, 28, 33). The differences among the results may be ascribed to assay methods. DNA-DNA homologies. The levels of DNA-DNA homology among the group 7 methanol-utilizing bacteria and the reference strains clearly indicate a separation of the group 7 strains from the strains belonging to the genera Acidiphilium, Acetobacter, and Gluconobacter, as shown in Table 5 . Furthermore, five strains (TK 0701, TK 0702, TK 0703, TK 0704, TK 0705T) showed high levels of similarity to each other. The reference strains belonging to the genera Acidiphilium, Acetobacter, and Gluconobacter showed low levels of similarity each other. An exception was Acidiphilium sp. strain TK 0718 and Acidiphilium crytpum, which showed a relatively high similarity value.
DISCUSSION
The five strains of group 7 methanol-utilizing bacteria grew at pH 2.0 to 5.5, and this characteristic is unique among the methanol-utilizing bacteria. They shared almost the same phenotypic characteristics, as well as the same cellular fatty acid composition (25), hydroxy fatty acid composition (25), ubiquinone system (24), and DNA base composition. The strains which we studied showed high levels of similarity in ' ' Data for the type strain in this study.
DNA-DNA hybridization tests with the type strain of Acetobacter methanolicus and "Acetobacter sadu" and a clear separation from the reference strains. Therefore, these bacteria fall into a single taxon and can be identified phenotypically and genotypically as Acetobacter methanolicus. The group 7 bacteria are distinguished from Acidiphilium strains, Thiohacillus acidophilus, T. novellus, T. versutus, and Gluconobacter and Acetobacter strains by phenotypic and chemotaxonomic characteristics (Tables 2, 4, and 5) (1, 7, 28, 30, 32). Gossele et al. (5) reported that some strains of Acetobacter pasteurianus utilize methanol, but the three strains which these authors reported to utilize methanol did not utilize methanol in this study.
After considering the phenotypic and chemotaxonomic characteristics of these acidophilic, facultatively methylotrophic, nonmotile, gram-negative, rod-shaped organisms, we believe that it is appropriate to separate Acetobacter methanolicus from Acetobacter and establish a new genus, Acidomonas, for this group of bacteria. We designate Acidomonas methanolica comb. nov. as the type species of this genus. The type strain is Acidomonas methanolica TK 0705. The minimal characteristics for differentiating the genus Acidomonas from related genera are shown in Table 6 .
Description of Acidomonas gen. nov. Acidomonas (A. ci. do. mo'nas. Gr. adj. acid, acid; Gr. n. monas, unit, monad; M. L. fem. n. Acidomonas, acidophilic monad). The type species is Acidomonas methanolica (Uhlig et al. 1986 ) Urakami, Tamaoka, Suzuki, and Komagata comb. nov. The essential characteristics of the genus are given in Table 6 and in the description of the single species, Acidomonas methanolica.
Description of Acidomonas methanolica (Uhlig, Karbaum, and Steudell986) Urakami, Tamaoka, Suzuki, and Komagata comb. nov. Acidomonas methanolica (Synonym, Acetobacter methanolicus Uhlig, Karbaum, and Steudel 1986). The characteristics of the species are those reported by Uhlig et al. (21) and those determined in this study.
The cells are nonsporeforming, gram-negative rods with rounded ends that are 0.8 to 1.0 by 1.5 to 3.0 km. The cells occur singly, rarely in pairs, and are nonmotile.
Colonies on PYM medium (pH 4.5) are shiny, smooth, raised, entire, white to light yellow, and 2 to 3 mm in diameter after 3 days at 30°C. A water-soluble fluorescent pigment is not produced. Nitrate is not reduced to nitrite. The Voges-Proskauer test is negative. Indole and hydrogen sulfide are not produced. Hydrolysis of gelatin and starch is not observed. Ammonia is produced. Litmus milk is not changed. Dihydroxyacetone is not produced from glycerol. (Table 2 ). Calcium panthothenate is required. Ammonia, nitrate, and urea are utilized as nitrogen sources. Urease, oxidase, and catalase are produced. Aerobic. Metabolism is strictly respiratory and not fermentative.
Growth occurs between pH 2.0 and 5.5. Good growth occurs between pH 3.0 and 5.0. Growth does not occur above pH 6.0 and below pH 1.5. Good growth occurs at 30°C and 37"C, but does not occur at 42°C. Growth does not occur in the presence of 3% sodium chloride.
The DNA base composition is 64.4 mol% G+C (type strain) (variable from 63 to 65 mol% G+C [ Table 41 ). The cellular fatty acids are composed of a large amount of straight-chain unsaturated C,,:, acid and small amounts of straight-chain saturated ClsZ0 acid, c16:o acid, C17:o acid, C18: o acid, and C19:o acid, straight-chain unsaturated acid, and ClgZ0 cyclopropane acid. The hydroxy acids are composed of large amounts of 3-OH C14:o acid, 3-OH c16:o acid, 2-OH C14:o acid, and 2-OH c 1 6 : O acid. The ubiquinone system is Q-lo, along with ubiquinone Q-9 and minor ubiquinone Q-11 components.
The type strain is strain TK 0705 (= IMET 10945), which was isolated by Steudel et al. in 1980 . This strain has been deposited in the Zentralinstitut fur Mikrobiologie und Experimentell Therapie as strain IMET 10945.
